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GAS TURBINE ENGINE MID-TURBINE
FRAME TIE ROD ARRANGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 62/092,429, which was filed on Dec. 16, 2014
and 1s mcorporated herein by reference.

BACKGROUND

This disclosure relates to a gas turbine engine mid-turbine
frame tie rod arrangement.

A gas turbine engine typically includes a fan section, a
compressor section, a combustor section and a turbine
section. Air entering the compressor section 1s compressed
and delivered into the combustor section where 1t 1s mixed
with fuel and 1gnited to generate a high-speed exhaust gas
flow. The high-speed exhaust gas flow expands through the
turbine section to drive the compressor and the fan section.
The compressor section typically includes low and high
pressure compressors, and the turbine section includes low
and high pressure turbines.

A mid-turbine frame (M'TF) 1s arranged axially between
the high and low pressure turbines. One example MTF
includes mnner and outer cases secured to one another with
tie rods extending radially between the cases. Airfoils are
provided between the mner and outer cases, and the tie rods
extend through some of the airfoils.

In one arrangement, opposing ends of the tie rod are
threaded. Fasteners are secured to the threaded end to clamp
the MTF assembly together. An anti-rotation feature may be
provided at an 1nner end of the tie rod and the inner case. The
feature prevents the rotation of the tie rod about 1ts longi-
tudinal axis thereby precluding interference with the airfoils,
and loosening of a nut securing the rod to the inner case,
during assembly of the MTF.

SUMMARY

In one exemplary embodiment, a gas turbine engine

mid-turbine frame includes an annular case that has a hole.
A tie rod with a first end extends through the hole. The first
end includes a threaded portion. A nut 1s secured to the
threaded portion to clamp the tie rod to the annular case. A
tab washer 1s arranged between the nut and the annular case.
The tab washer interlocks the nut to the case to prevent
relative rotation therebetween.

In a further embodiment of the above, the annular case
includes an outer diameter surface that has a pocket adjoin-
ing the hole. The first end provides circumierential opposing
curved surfaces that engage correspondingly shaped sur-
taces of the pocket.

In a further embodiment of any of the above, the first end
includes flats that are spaced apart a width. The flats adjoin
the curved surfaces.

In a further embodiment of any of the above, the threaded
portion 1ncludes a diameter that 1s greater than the width.

In a further embodiment of any of the above, the curved
surfaces provide a square shoulder that abuts the annular
case adjacent to the hole.

In a further embodiment of any of the above, the annular
case includes an outer diameter surface and a wall that
protrudes radially from the outer diameter surface. The first
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end includes a lip that extends radially from the first end
relative to a longitudinal axis of the tie rod. The lip engages

the wall.

In a further embodiment of any of the above, the lip
includes a flat engaging the wall.

In a further embodiment of any of the above, the annular
case includes a pair of spaced apart walls parallel to one
another. The lip engages the walls.

In a further embodiment of any of the above, the lip 1s
oval-shaped and circumscribes the first end.

In a further embodiment of any of the above, the annular
case 1s an inner case and comprises an outer case and an
airfo1l that extends radially between the inner and outer
cases. The tie rod extends through the airfoil. The tie rod
includes a second end opposite the first end. A fastener 1s
secured to the second end to clamp the airfoil between the
inner and outer cases.

In another exemplary embodiment, a gas turbine engine
mid-turbine frame 1ncludes an annular case that has a hole.
The annular case includes an outer diameter surface and a
wall that protrudes radially from the outer diameter surface.
A tie rod with a first end extends through the hole. The first
end includes a threaded portion and a lip that extends
radially from the first end relative to a longitudinal axis of
the tie rod. The lip engages the wall. A nut 1s secured to the
threaded portion to clamp the tie rod to the annular case.

In a further embodiment of the above, the lip includes a
flat engaging the wall.

In a further embodiment of any of the above, the annular
case 1ncludes a pair of spaced apart walls parallel to one
another. The lip engages the walls.

In a further embodiment of any of the above, the lip 1s
oval-shaped and circumscribes the first end.

In a further embodiment of any of the above, a tab washer
1s arranged between the nut and the annular case. The tab
washer interlocks the nut to the case to prevent relative
rotation therebetween.

In another exemplary embodiment, a gas turbine engine
mid-turbine frame 1ncludes an annular case that has a hole.
The annular case includes an outer diameter surface that has
a pocket adjoining the hole. A tie rod with a first end extends
through the hole. The first end includes a threaded portion.
The first end provides circumierential opposing curved
surfaces that engage correspondingly shaped surfaces of the
pocket. A nut 1s secured to the threaded portion to clamp the
tie rod to the annular case.

In a further embodiment of any of the above, the first end
includes flats spaced apart a width and the flats adjoin the
curved surfaces.

In a further embodiment of any of the above, the threaded
portion 1ncludes a diameter that 1s greater than the width.

In a turther embodiment of any of the above, the curved
surfaces provide a square shoulder that abuts the annular
case adjacent to the hole.

In a further embodiment of any of the above, a tab washer
1s arranged between the nut and the annular case. The tab
washer interlocks the nut to the case to prevent relative
rotation therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be further understood by reference to
the following detailed description when considered in con-
nection with the accompanying drawings wherein:

FIG. 1 schematically illustrates a gas turbine engine
embodiment.

FIG. 2 1s a cross-sectional view through one MTF.
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FIG. 3A a perspective view of an inner case of the MTF
with multiple circumiferentially spaced tie rods secured

thereto.

FIG. 3B 1s a plan view of a nut securing the first end of
the tie rod to the inner case.

FIG. 4 1s a perspective view of a portion of the inner case
shown 1n FIGS. 2 and 3A.

FIG. § 1s a perspective view of the tie rod shown 1n FIGS.
2 and 3A.

FIG. 6 1s a partially exploded view of another MTF.

FIG. 7 1s perspective view ol another inner case.

FIG. 8 1s a perspective view of another tie rod.

The embodiments, examples and alternatives of the pre-
ceding paragraphs, the claims, or the following description
and drawings, including any of their various aspects or
respective individual features, may be taken independently
or 1in any combination. Features described in connection
with one embodiment are applicable to all embodiments,
unless such features are incompatible.

DETAILED DESCRIPTION

FIG. 1 schematically illustrates a gas turbine engine 20.
The gas turbine engine 20 1s disclosed herein as a two-spool
turbofan that generally incorporates a fan section 22, a
compressor section 24, a combustor section 26 and a turbine
section 28. Alternative engines might include an augmenter
section (not shown) among other systems or features. The
fan section 22 drives air along a bypass flow path B 1n a
bypass duct defined within a nacelle 135, while the compres-
sor section 24 drives air along a core flow path C for
compression and communication 1nto the combustor section
26 then expansion through the turbine section 28. Although
depicted as a two-spool turbofan gas turbine engine in the
disclosed non-limiting embodiment, 1t should be understood
that the concepts described herein are not limited to use with
two-spool turbofans as the teachings may be applied to other
types of turbine engines including three-spool architectures.

The exemplary engine 20 generally includes a low speed
spool 30 and a high speed spool 32 mounted for rotation
about an engine central longitudinal axis X relative to an
engine static structure 36 via several bearing systems 38. It
should be understood that various bearing systems 38 at
various locations may alternatively or additionally be pro-
vided, and the location of bearing systems 38 may be varied
as appropriate to the application.

The low speed spool 30 generally includes an 1nner shaft
40 that interconnects a fan 42, a first (or low) pressure
compressor 44 and a first (or low) pressure turbine 46. The
inner shaft 40 1s connected to the fan 42 through a speed
change mechanism, which in exemplary gas turbine engine
20 1s 1llustrated as a geared architecture 48 to drive the fan
42 at a lower speed than the low speed spool 30. The high
speed spool 32 includes an outer shait 50 that interconnects
a second (or high) pressure compressor 52 and a second (or
high) pressure turbine 54. A combustor 56 1s arranged in
exemplary gas turbine 20 between the high pressure com-
pressor 52 and the high pressure turbine 54. A mid-turbine
frame 57 of the engine static structure 36 1s arranged
generally between the high pressure turbine 54 and the low
pressure turbine 46. It should be understood that the mid-
turbine frame can also be arranged between high pressure
and intermediate pressure turbines and/or intermediate pres-
sure and low pressure turbines 1n a three-spool configura-
tion. The mid-turbine frame 57 further supports bearing
systems 38 1n the turbine section 28. The 1mnner shaft 40 and
the outer shaft 50 are concentric and rotate via bearing
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systems 38 about the engine central longitudinal axis X
which 1s collinear with their longitudinal axes.

The core airflow 1s compressed by the low pressure
compressor 44 then the high pressure compressor 52, mixed
and burned with fuel in the combustor 56, then expanded
over the high pressure turbine 54 and low pressure turbine
46. The mid-turbine frame 57 includes airfoils 59 which are
in the core airtlow path C. The turbines 46, 54 rotationally
drive the respective low speed spool 30 and high speed spool
32 1n response to the expansion. It will be appreciated that
cach of the positions of the fan section 22, compressor
section 24, combustor section 26, turbine section 28, and fan
drive gear system 48 may be varied. For example, gear
system 48 may be located aft of combustor section 26 or
even ait of turbine section 28, and fan section 22 may be
positioned forward or aft of the location of gear system 48.

The engine 20 in one example 1s a high-bypass geared
aircraft engine. In a further example, the engine 20 bypass
ratio 1s greater than about six (6), with an example embodi-
ment being greater than about ten (10), the geared architec-
ture 48 1s an epicyclic gear train, such as a planetary gear
system or other gear system, with a gear reduction ratio of
greater than about 2.3 and the low pressure turbine 46 has a
pressure ratio that 1s greater than about five. In one disclosed
embodiment, the engine 20 bypass ratio 1s greater than about
ten (10:1), the fan diameter 1s significantly larger than that
of the low pressure compressor 44, and the low pressure
turbine 46 has a pressure ratio that 1s greater than about five
(53:1). Low pressure turbine 46 pressure ratio 1s pressure
measured prior to inlet of low pressure turbine 46 as related
to the pressure at the outlet of the low pressure turbine 46
prior to an exhaust nozzle. The geared architecture 48 may
be an epicycle gear train, such as a planetary gear system or
other gear system, with a gear reduction ratio of greater than
about 2.3:1. It should be understood, however, that the above
parameters are only exemplary of one embodiment of a
geared architecture engine and that the present invention 1s
applicable to other gas turbine engines including direct drive
turbofans.

A significant amount of thrust 1s provided by the bypass
flow B due to the high bypass ratio. The fan section 22 of the
engine 20 1s designed for a particular thight condition—
typically cruise at about 0.8 Mach and about 35,000 feet
(10,668 meters). The flight condition of 0.8 Mach and
35,000 1t (10,668 meters), with the engine at 1ts best fuel
consumption—also known as “bucket cruise Thrust Specific
Fuel Consumption (“ITSFCT’)"—is the industry standard
parameter of lbm of fuel being burned divided by 1bf of
thrust the engine produces at that minimum point. “Low fan
pressure ratio” 1s the pressure ratio across the fan blade
alone, without a Fan Exit Guide Vane (“FEGV”) system.
The low fan pressure ratio as disclosed herein according to
one non-limiting embodiment 1s less than about 1.45. “Low
corrected fan tip speed” 1s the actual fan tip speed 1n 1t/sec
divided by an industry standard temperature correction of
[(Tram ° R)/(518.7 © R)]°~. The “Low corrected fan tip
speed” as disclosed herein according to one non-limiting
embodiment 1s less than about 1150 ft/second (350.5 meters/
second).

One example of the mid-turbine frame (MTF) 57 1s shown
in more detail 1n FIG. 2. The MTF 57 includes annular cases,
in the example an 1nner case 60 and an outer case 62, axially
aligned with one another. An outer circumierence 64 of the
airfoils 39 include hooks 66 received in corresponding
annular groove 68 of the outer case. A tie rod 70 extends
radially along a longitudinal axis 71 between the mner and
outer cases 60, 62 to form a rigid ring-strut-ring assembly
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with the 1nner and outer cases 60, 62. The airfoils 59 and tie
rods 70 are arranged circumierentially about the inner case
60.

Each tie rod 70 includes first and second opposing ends
72, 74, which respectively include first and second threaded
portions 76, 78. The first end 72 1s received within a hole 77
of the mner case. A nut 80 1s secured to the first threaded
portion 76. A tab or key washer 82 1s provided between the
inner case 60 and the nut 80. Referring to FIG. 3B, the tab
washer 82 includes a first tang 84 bent over a flat 88
provided on a boss 90 at an imnner diameter of the inner case
60. Once the nut 80 has been tightened to the desired torque
specification, a second tang 86 1s bent to engage one of the
flats on the nut 80 to interlock the nut 80 to the mner case
and prevent relative rotation therebetween.

Referring to FIGS. 2, 3A, 4 and 5, a pocket 94 adjoins the
hole 77. The tie rod 70 includes opposing curved surfaces 96
adjoined by flats 98 to provide an oval-shaped cross section.
The flats 98 are spaced apart a width 100, and the first
threaded portion 76 includes a diameter 104 that i1s larger
than the width 100. The narrower unthreaded portion
enables the tie rod 70 to be inserted into the cavity of the
airfo1l 59 during MTF assembly.

The curved surfaces 96 proved a shoulder 97 that abuts a
surtace 99 of the pocket 94. The contour of the first end 72
and the correspondingly shaped pocket 94 prevent rotation
of the tie rod 70 relative to the 1inner case 60 as the nut 80
1s tightened during assembly. The tab washer 82 with the
first and second tangs 84, 86 prevent the nut 80 from backing
offl during MTF assembly and engine operation. For
example, the tie rod 70 will not rotate and the nut 80 will not
loosen when the fastener 92 1s secured to the second
threaded portion 78, as best appreciated with reference to
FIGS. 2 and 3A.

Another tie rod arrangement 1s shown 1n FIGS. 6-8. The
inner case 160 includes spaced apart, parallel walls 108
extending in a radial direction from an outer surface of the
inner case 160. The tie rod 170 extends radially through the
airfo1l 159 and to the outer case 162.

The walls 108 adjoin a flat surface 112. A lip 106
circumscribes the tie rod 170 near the first threaded portion
176 to provide a shoulder 110 that abuts the surface 112. The
lip 106 has an oval-shape with flats that correspondingly
engage the walls 108.

The disclosed tie rod arrangement provides an anti-
rotation feature with simplified machining operations that
reduce the overall cost of the MTF. The tab washer 82
prevents loosening of the nut 80 during the assembly pro-
cedure as well as during engine operation.

It should also be understood that although a particular
component arrangement 1s disclosed in the illustrated
embodiment, other arrangements will benefit herefrom. For
example, the disclosed arrangement can be used for a turbine
exhaust case. Although particular step sequences are shown,
described, and claimed, i1t should be understood that steps
may be performed in any order, separated or combined
unless otherwise indicated and will still benefit from the
present invention.

Although the different examples have specific compo-
nents shown 1n the illustrations, embodiments of this inven-
tion are not limited to those particular combinations. It 1s
possible to use some of the components or features from one
of the examples in combination with features or components
from another one of the examples.

Although an example embodiment has been disclosed, a
worker of ordinary skill in this art would recognize that
certain modifications would come within the scope of the
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claims. For that reason, the following claims should be
studied to determine their true scope and content.

What 15 claimed 1s:

1. A gas turbine engine mid-turbine frame comprising;

an annular case that has a boss with a hole, the boss

includes a flat;

a tie rod with a first end extends through the hole, the first

end includes a threaded portion;

a nut 1s secured to the threaded portion to clamp the tie rod

to the annular case; and

a tab washer 1s arranged between the nut and the annular

case, the tab washer has a first tang that engages the flat
and a second tang that engages the nut to interlock the
nut to the case and prevent relative rotation therebe-
tween.

2. The mid-turbine frame according to claim 1, wherein
the annular case includes an outer diameter surface that has
a pocket adjoining the hole, the first end provides circum-
ferential opposing curved surfaces engaging correspond-
ingly shaped surfaces of the pocket.

3. The mid-turbine frame according to claim 2, wherein
the first end includes flats spaced apart a width, the flats
adjoin the curved surfaces.

4. The mid-turbine frame according to claim 3, wherein
the threaded portion 1includes a diameter that 1s greater than
the width.

5. The mid-turbine frame according to claim 4, wherein
the curved surfaces provide a square shoulder that abuts the
annular case adjacent to the hole.

6. The mid-turbine frame according to claim 1, wherein
the annular case includes an outer diameter surface and a
wall protruding radially from the outer diameter surface, the
first end 1ncluding a lip extending radially from the first end
relative to a longitudinal axis of the tie rod, the lip engaging
the wall.

7. The mid-turbine frame according to claim 6, wherein
the lip includes a flat engaging the wall.

8. The mid-turbine frame according to claim 6, wherein
the annular case includes a pair of spaced apart walls parallel
to one another, the lip engaging the walls.

9. The mid-turbine frame according to claim 6, wherein
the lip 1s oval-shaped and circumscribes the first end.

10. The mid-turbine frame according to claim 1, wherein
the annular case 1s an mner case, and comprising an outer
case and an airfoil extending radially between the 1nner and
outer cases, the tie rod extending through the airfoil, and the
tie rod includes a second end opposite the first end, a fastener
secured to the second end to clamp the airfoil between the
inner and outer cases.

11. A gas turbine engine mid-turbine frame comprising:

an annular case that has a hole, the annular case includes

an outer diameter surface and a wall protruding radially
from the outer diameter surface;

a tie rod with a first end extends through the hole, the first

end 1ncludes a threaded portion, the first end 1including
a lip extending radially from the first end relative to a
longitudinal axis of the tie rod, the lip includes a flat at
a circumierential extremity of the lip, the flat engaging
the wall; and

a nut 1s secured to the threaded portion to clamp the tie rod

to the annular case.

12. The mid-turbine frame according to claim 11, wherein
the annular case includes a pair of spaced apart walls parallel
to one another, the lip engaging the walls.

13. The mid-turbine frame according to claim 11, wherein
the lip 1s oval-shaped and circumscribes the first end.
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14. The mid-turbine frame according to claim 11, com-
prising a tab washer arranged between the nut and the
annular case, the tab washer interlocks the nut to the case to
prevent relative rotation therebetween.

15. A gas turbine engine mid-turbine frame comprising: 5

an annular case that has a hole, the annular case includes
an outer diameter surface that has a pocket adjoining
the hole;

a tie rod with a first end extends through the hole, the first
end includes a threaded portion, the first end provides 10
circumierentially opposing curved surfaces and a flat
engaging correspondingly shaped surfaces of and
seated within the pocket; and

a nut 1s secured to the threaded portion to clamp the tie rod
to the annular case. 15

16. The mid-turbine frame according to claim 15, wherein
the first end 1ncludes a pair of flats spaced apart a width, the
pair of flats adjoin the curved surfaces.

17. The mid-turbine frame according to claim 16, wherein
the threaded portion includes a diameter that 1s greater than 20
the width.

18. The mid-turbine frame according to claim 17, wherein
the curved surfaces provide a square shoulder that abuts the
annular case adjacent to the hole.

19. The mid-turbine frame according to claim 15, com- 25
prising a tab washer arranged between the nut and the
annular case, the tab washer interlocks the nut to the case to
prevent relative rotation therebetween.

¥ H H ¥ ¥
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